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With  the aid of three  varieties  of anti-Rh agglutinins,  five sorts of Rh ag- 
glutinogens can be demonstrated, which in combination determine eight types 
of human blood (1,  2).  To account for the existence of these variants of the 
Rh agglutinogen, one of us (3) has proposed a  theory of six allelic genes.  The 
purpose of the present paper  is to report the results  of investigations  carried 
out in order to test the validity of the theory. 
Nomenclature 
According to the nomenclature proposed by one of us (3) the three varieties of Rh 
agglutinins  are  designated  as  anti-Rh,  anti-Rha,  and  anti-Rh~,  respectively.  The 
anti-Rh or standard Rh agglutinin corresponds in specificity with the original anti-Rh 
sera obtained by Landsteiner and Wiener (4, 5) by immunizing guinea pigs and rabbits 
with  the  blood  of rhesus monkeys.  Such  sera agglutinate  the  bloods  of about  85 
per cent of white individuals in New York City.  Human sera giving parallel reac- 
tions with the animal immune anti-rhesus sera have been obtained from patients who 
have had hemolytic reactions to blood transfusions (6) and mothers of erythroblastotic 
babies  (7). 
Human serum corresponding to the so called anti-Rhl agglutinin was first described 
by Wiener (8) and similar sera were subsequently obtained by Levine et al. (7), David- 
sohn and Toharsky (9),  and other workers  (10-12).  Anti-Rhl sera agglutinate the 
bloods of approximately 70 per cent of white individuals of New York City, but the 
reactions are nevertheless closely correlated with those of the standard anti-Rh sera. 
Except for the fact that there is a  small percentage of bloods (now  designated Rh  t) 
which though negative with the standard anti-Rh sera are dumped by Rhl antisera, 
the agglutinins anti-Rh and anti-Rhl are related to each other in a manner analogous 
to the ot and otx agglutinins in human group B sera.  Indeed, if the Rh  ~  type is omitted, 
then, as Wiener and Landsteiner (13) have shown, two major subtypes within the Rh- 
positive type can be distinguished, which are inherited by corresponding allelic genes 
in a manner analogous to the subgroups of A.  It should be mentioned that the most 
common human anti-Rh sera actually give 87 per cent positive reactions and Levine 
(14) has shown that such sera, now designated anti-Rh  I, contain both the agglutinins, 
anti-Rh and anti-Rhl. 
The third variety of anti-Rh agglutinin, anti-Rh~, reacts with the blood of approxi- 
mately 35 per cent of white individuals in New York City.  This agglutinin was first 
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described by Wiener and Sonn (1)  who showed that the anti-Rh2  agglutinin bears a 
relation to the standard anti-Rh agglutinin similar to that of the anti-Rhl agglutinin. 
For example, with very rare exceptions, namely, blood of the so called type  Rh ~, 
bloods negative with the standard anti-Rh sera also failed to react with  the anti-Rh2 
agglutinin.  On the other hand, the agglutinins anti-R_hi and anti-Rh~ are related to 
each other like the agglutinins anti-A and anti-B.  Thus, if the reactions of the anti- 
Rhl  and  anti-Rh~,  agglutinins are considered together,  four types of blood can be 
distinguished, comparable to the four blood groups (2).  To date, all human antisera 
found  containing the  anti-Rh2  agglutinin also contained the  standard  anti-Rh  ag- 
glutinin, and to indicate this, such sera are designated anti-Rh". 
As already mentioned eight types of blood are theoretically possible, and of these 
all but one, the rarest  (Rh'Rh ~)  has actually been observed.  The eight types fall 
into two natural groups of four types each, as indicated in Table I.  About 95 per 
cent of all white individuals give reactions corresponding to the left half of the table. 
Here it will be seen that the reactions of the agglutinins anti-Rhl and anti-Rh2 give 
TABLE I 
Classificagon ~theRh T~es 
Classes 
Reaction with antiserum 
__  Rh~  Rh2  Rh  __ 
++  _+  ++ 
v  -  +  + 
Type 
RhxRh2 
Rhl 
Rh2 
P,_h-neg. 
Reaction  with antiserum  +Rh' 
TyPe 
Rh'Rh  ~ 
Rh' 
Rh  n 
Rh 
rise to four types, similar to the four blood groups, with the standard anti-Rh ag- 
glutinin behaving like a group O serum.  The right half of the table differs in that the 
reactions of the standard anti-Rh serum are opposite to those of the left side.  If the 
reactions of the standard anti-Rh agglutinin are omitted (and as will be shown later 
this is sometimes convenient when analyzing statistically some of the data) the two 
halves of the table fuse.  The four classes obtained in this way may be designated 
U, V, UV, and W, respectively.  Obviously each class includes two distinct Rh types, 
which differ only in their reactions with the standard Rh agglutinin. 
Genetic  Theory 
The six-gene theory postulates the existence of  a  series of aUelic genes, Rkl, Rh~, 
Rh', Rk ~, Rk,  and rk, named after the serological properties which they determine. 
The gene rh is recessive to the others and in homozygous individuals gives rise to the 
.Rh-negative type.  The gene Rh' determines an agglutinogen Rh', which reacts with 
anti-Rhl but not anti-Rhe or anti-Rh agglutinins.  Similarly the agglutinogen deter- 
mined by the gene Rk  ~ reacts only with the anti-Rh2 agglutinin; while agglutinogen 
Rh reacts only with the standard anti-Rh agglutinin, not with anti-Rhl or anti-Rh~. 
The agglutinogens which are determined by the genes Rhx and Rhe, on the other hand, 
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agglutinins.  For example, agglutinogen Rhl  reacts with agglutinins anti-Rhl and 
anti-Rh but not with agglutinin anti-Rh2.  However, the fact that bloods of types 
Rhl and Rh2 bloods each react with two distinct agglutinins does not mean that such 
blood contain two genetically separate corresponding properties.  These agglutino- 
TABLE II 
The Various Rh Blood Types and Their Theoretical Genotypes 
Rh type . 
(phenotype) 
Reactions with Rh antisera 
Anti-Rh  Anti-Rhl  Anti-Rhi  Anti-Rh' 
Neg.  Neg.  Neg.  Neg.  Neg. 
Rh,  Pos.  Pos.  Neg.  Pos. 
Rh~  Pos.  Neg.  Pos.  Pos. 
RhlRh2  Pos.  Pos.  Pos.  Pos. 
Rh  Pos.  Neg.  Neg.  Pos. 
Neg. 
Neg. 
Neg. 
Rh'  Pos.  Neg.  Pos. 
Neg.  Pos.  Neg. 
Pos.  Pos.  Pos.  Rh'Rh  ~ 
Anti-Rh" 
Neg. 
I 
Pos. 
i  POS. 
Pos. 
]  Pos. 
[ 
i 
Neg. 
eos. 
Pos. 
A~proximate 
frequency 
in  N.Y.C. 
(whites) 
12.75 
50 
15.5 
17 
2.5 
0.25 
Theoretically 
possible 
genotyPes 
rhrh 
I  RhtRhl 
Rhtrh 
RhtRh 
RhlRh' 
Rh'Rh 
Rh2Rh2 
gh~rh 
g~.leh 
RhzRh  ~ 
RhnRh 
RhlRI'~ 
RhlRh  ~ 
Rh'RI~ 
RhR  
Rhrh 
Rh,Rhr 
Rh'rh 
Rh.RhO 
RhU  rtt 
Rh'Rh" 
* This theoretically possible type has not yet been encountered,  which is not surprising 
considering the extremely low value of the calculated frequency of the genotype Rh'Rh". 
gens are assumed to be due to the action of single genes and are therefore inherited 
as a  unit, their serological properties being ascribed to the presence of two or more 
"partial antigens"  within  the  molecule.  The  behavior of  Rhl  and  Rh2  bloods is 
therefore comparable to the reactions of blood of subgroup AI with sera anti-A and 
anti-A1. 
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parent, they must also have a pair of Rh genes.  Accordingly, 21 genotypes are theo- 
retically possible under the six-gene theory, and if the phenotype corresponding to 
each genotype is assumed to represent merely the combined effect of the two genes, 
then the 21 genotypes give rise to 8 phenotypes as shown in Table II.  For convenience 
of reference,  this table also includes the reactions of each type of blood with the sera, 
anti-Rh  t and anti-Rh  ~, which may be designated "secondary" sera to indicate that 
they each contain two of the three primary agglutinins.  It will be seen that sera 
anti-Rh' and anti-Rh" differ from the standard anti-Rh sera only in their reactions 
with bloods of the rarest types, Rh  t and Rh  ~.  The fact that the most common human 
antisera are anti-Rh, anti-Rh  t, and anti-Rh  ~, coupled with the difficulty that most 
of the sera available are weak and therefore give irregular results, accounts for the 
confusion  that has been caused by the discrepancies between the reactions of these sera. 
Materials  and Methods 
The family material was obtained mainly through the out-patient department of 
the Jewish Hospital of Brooklyn, but also included were some families of friends of 
the authors.  The blood was taken from the finger into a tube containing two drops 
of 3.8 per cent sodium citrate solution, in the proportion of ten parts of blood to one 
of citrate.  The samples were stored in the refrigerator and usually tested within 24 
hours.  For the tests,  2  per cent blood suspensions (as  judged by the naked eye) 
were prepared by picking up some of the sediment with a capillary pipette and adding 
this to a  tube of saline solution.  Each blood suspension was tested  with group A, 
group B, anti-M, and anti-N sera, as well as with anti-Rh  ~, anti-Rhl, anti-Rh2, and 
anti-Rh sera, and in addition with absorbed B serum whenever indicated. 
The tests for,A, B, M, N were carried out simultaneously on Boerner well slides 1 
by placing a drop of cell suspension in each of four wells to which had been previously 
added a drop of group A, group B, anti-M, and anti-N serum, respectively.  A drop 
of saline was then added in order to fill the  wells.  Usually a series of twenty bloods 
was set up at one time.  The slides were placed on the shaking machine, set at moder- 
ate speed to run for 10 minutes.  The readings were taken with the naked eye and 
then checked under the low power of the microscope. 
The group A and group B sera were of bigh titer, most of these sera having been 
procured from professional donors who had been given plasma transfusions in order 
to build up their agghitinin titer.  Some of the sera, when undiluted, had titers as 
high as 500 to 2000.  (This method of producing high titered blood grouping sera is 
based on the observation by Aubert, Boorman, and Dodd (15) that injections of serum 
of an incompatible  group stimulate marked rises in isoagglutinin titer.)  The group A 
sera were diluted for use so as to have a titer of approximately 40 for group B cells, 
while the group B sera were diluted so as to have a titer of 50 for A2 cells.  The anti-M 
and anti-N testing fluids were prepared from immune rabbit sera in the usual man- 
ner (16). 
All group A and group AB bloods were tested with absorbed B serum on Boemer 
well slides, in the same way that the blood grouping and M-N tests were carried out. 
1 These slides have twelve raised rings, producing fiat bottomed wells of approxi- 
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The Rh tests were set up in small test tubes (inside diameter of 8 ram.), at the same 
time as the A-B-M-N tests.  One  drop of blood suspension was added to  each of 
four tubes situated in corresponding holes of four metal test tube racks.  To each of 
the tubes in the first rack was added a  drop of anti-Rh  r serum; to the tubes in the 
second rack, anti-Rhl serum; to the tubes in the third, anti-Rh2; and to the tubes in 
in the fourth rack, standard anti-Rh serum.  The racks were shaken and then placed 
in a water bath at 39°C.  for 45 to 60 minutes.  Preliminary readings were taken by 
inspecting the sediments in the gross, and then the tubes were gently shaken and the 
reactions read microscopically by placing the tube directly on the microscope stage 
under a low power objective.  In the rare cases where the sediment and microscopic 
readings differed, the latter was taken as the correct one and in all doubtful cases 
the tests were repeated. 
The Rh antisera used in the present study were all human sera from mothers of 
erythroblastotic infants.  The  anti-Rhl,  anti-Rh~,  and  standard  anti-Rh  sera  all 
came from group AB patients, while the anti-Rh' serum came from a  group O indi- 
vidual.  To neutralize the isoagglutinins ~  and fl in the Rh' antiserum, the following 
formula was used:  One part serum was mixed with one part boiled AI saliva and one 
part boiled group B  saliva from secretors, and  two parts saline solution, making a 
final dilution of 1:5.  The saline was added because, as has been shown by Wiener 
and Kosofsky (17)  the isoagglutinins are far more readily neutralized in diluted sera 
than in concentrated sera.  The dilution did not affect the reliability of the results 
because the serum used was of high titer (about 100),  and the dilution had the addi- 
tional advantage of economy.  The anti-Rhl serum was also used in a dilution of 1 : 5, 
prepared by mixing one part serum with four parts of saline solution.  In this case 
the dilution was necessary because the serum actually was an anti-Rh' serum,  but 
the anti-Rh agglutinin in it was weak, so that this slight dilution was sufficient to 
eliminate its action.  The anti-Rh2 serum was used in a dilution of 1 : 10 for the same 
reason, namely, to eliminate the action of the weaker agglutinin, anti-Rh, present in 
the same serum.  The standard anti-Rh serum was of high titer (60)  and used in a 
dilution of 1 : 5 for the sake of economy. 
As controls, blood samples of known blood group, subgroup, M-N type, and Rh 
type, determined on a previous day, were included with every experiment. 
RESULTS 
The  detailed results of the blood groupings, M-N tests, and Rh  tests in a 
series of 97 families are given in Table III.  The hereditary transmission of 
the Rh blood types in these families is summarized in Table IV.  With only a 
single apparent exception, the findings are in complete accord with the theory 
of six allelic genes.  In  this  case  (family 6)  the mother  belongs  to  the  Rh- 
negative type, her husband to type Rh', and the child to type Rh2.  However, 
the supposed father belongs to type N  and the child to type M, so the assump- 
tion seems justified that the child in question is illegitimate. 
Statistical analysis of the various sorts of matings lends additional support 
of the theory.  For example, the mating Rh-negative X  type RhlRh, is com- 
parable to  the  mating,  group O  X  group AB, if one  assumes  that  the type 240  HEREDITY  OF Rh BLOOD  TYPES 
TABLE  III 
Family Material 
No.  Father  Mother  Children 
3 
5 
6§ 
7§ 
8 
9 
10 
11 
12 
13§ 
14§ 
15 
16 
17 
18 
2O§ 
2t§ 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
39 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
AIBMNRh- 
A~,  ~MRh 
OMRhlRh, 
OMNRh, 
A~MP.hRh, 
ONRh' 
A~M-NRha 
OMRhlRhi 
OMRhl 
A,MRha 
BMRh~ 
OMRh, 
OMNRh~Rht 
O~ll~h 11~  $ 
AIMNRh~ 
A~BMRh~ 
AxMNRh~ 
BMNRh- 
AINRhi 
BNRh~ 
OMNRh~ 
AvMNRh~ 
A~qRh~Rh~ 
0MRh,Rh, 
OMRh, 
A~SMNRh~ 
0MNRhlRh~ 
A,MNRht 
ONP.hl 
OMNRh* 
BNP.h2 
A~BMNRh~ 
A.~MNRh~ 
A,MNRh~ 
AIMNP.h- 
BMRh- 
OMRht 
AvMNRh- 
AxMNRht 
ONRh- 
OMRhx 
AvMRht 
OMRht 
BNRht 
A~BNRht 
A~MNR-hx 
AI~NRhl 
OiV[NRht 
ONRh, 
BIWNRh~ 
AtNP.h- 
AIMNRhl* 
OMNRh-* 
AvMNRh~Rh, 
OMNRhtRh, 
OMNP.hi 
AIBMNRh- 
OMNRht 
ONRhx 
OMRhl 
OMNP.ht 
A~MP.h~Rht 
BMRhx 
ONRhl 
OMNRh 
OMNRh~ 
A~MRh:IGh~ 
AvMNRh- 
ONRhx 
BMNRh 
BMRhxRhi 
OMRhtRh~ 
AzMNRh, 
BMNRhIRhs 
OMNRhtRhs 
A~NRhzRh~ 
ONRhtRh~ 
AtMNRhx 
BMNRh, 
A1MRh~ 
AvMNRhl 
BMRh~ 
OMRhtRht 
AIMNP.h~Rh* 
OMN1Lh~ 
A~NRh~ 
ONRhs 
AiMNRhlRh~ 
OMNRh~ 
AxBMNRh, 
AtM.NRh- 
A~MRh~ 
AtMNRhxRh, 
A~MNIUa~ 
OMRh- 
OMRht 
AsMRhl 
BMRht 
ONRh- 
BMNRhI 
OMRh~Rhs 
A~NRh~ 
AtBNRh- 
OMNP.h- 
OMRh~Rh, C 
OMNRhIRh~o  z 
OMRht @ 
A~INRhi 
BMRh~C 
ONRhtcP 
OMNRh~ 9 
OMRhto  z 
OMRhto  ~ 
A~MRhs@ 
BMRhtRh~ 9 
ONRh~Rh~o  z 
ONRh~ 
AtMNRh~ 9 
AxMRhl@ 
A~'~Rht 9 
ONRhx 
AtMRh 
OMNRh~Rh~o  ~ 
OMRhtRh~ 
A~MRhl 
A2MNRhdZh~@ 
OMRh1Rh, 
A.~INRh~ 9 
A~",T  Rh  19 
ONRh~Rh~C 
A,BMNRhxRhI9 
OMNRh~ 
AsNRh~Rh, 9 
BMNRh~Rh~C 
BMRhxRh~c~ 
A~NRh~C 
AIMRh~o  z 
AxM2qRhto  z 
BMNRh- 
OMRhlRh, 
ONRhx 9 
OMNR_hio  z 
A~MRh~Rhl 
AINRh-C 
AzMRh: 9 
AxMNRh~C 
OMRhxc~ 
OMNRh-o  z 
BMNRh' 
A~cINRh~  9 
BMRh- 
ONRh-C 
OMNRh' 
OMNRh~C 
ArNRh- 
AtNRht Q  A1NRh-C 
OMRh-  9  A~, sMRh~C  OMRh~ 
A1MNRhlRh~ 9  A~MRh~Rh,  9 
OMNRhxKh~C  " OMRh~ 9  ONRhtC 
OMRh~o  ~  OMNP.hlo  z 
AsMRhC  OMRh 9  A~MNR.ht 9 
OMNRhtRh~o  z 
OMRhto  ~  OMRh~ 9 
OMRh~o  z  AtMRhtC  OMRht 9 
BMRh~o  z  BMRhxRh~o  ~  BMRh~o  ~ 
ONRh~C  OMNRhtRhi 
AtMRhIC  AxMRhx 9 
AiMP.hto  ~  AtMNRhxC 
BNRht 9 
ONRhC 
BMNRhso  z  O$~NRh~o  ~ 
ONRht 9  A2MNRhIC 
A~',TRhlRh2C  BNRhlRh2C 
OMRh~Rh2C 
A1MNRhxRhi 9  A~MNRht 9 
A~MNRhlP-.h~ 9  BMNRhl 9 
OMNRh2o  ~  A1MNRht 
A1BMRh~c~  BMNRh- 9 
AIMNRh-o  z  OMNRh1C 
AzMNRhtRhio z  OMRh1C 
BMRhIC 
BMNRhxRht 9 
AzMNP.hl 
OMNRh- 
ONRhIRh2 9 
OMRht 
A~RhlRh2o  ~ 
A1MRhlo  z  A1MRhlP-h~  9  AiMRhlRhto  ~  At-MNRhlc 
A1MNRhlo  ~  AIMRh-  •  ^ 
A.~MNRht  C II  A~MNRhtCil  " 
OM'NRh2o  z  BMNRh2 
AIMRhl 9  OMRhIP,.h2  9  AtMNRh~Rh2cP  OMRhIRh~ 
AiNRhto  ~  ONRh~ 9  A1MNRh-o  ~  OMNRhlc 
ONRh- 9  AtNRhx 9 
AxNRhtRhto ~  A1BMRhtRh2o  z 
OMNRh- 9  A~NRh-o  ~  OMNRh-o  z  AtMNRh-  c? 
A~CiRhx 9  Av'MRh  i 9 
AiMNRhx 9  A1MRht  C  A1MNRhl 9 
OMRh- 9  A~MRhl 9 
BMNRhl 9 
BMNRhxC 
A2MRht 9 
OMRh, 9 
OMNRh-o  ~  ONRhw  z  OMNRh-c 
* Mothers of families 1 and 2 are sisters. 
:~ Identical  twins. 
§ Colored families. 
][ Newborn twins: one anemic (recovered without treatment), the other normal. ALEXANDER  S.  WIENER,  EVE  B.  SONN,  AND  RUTH  B.  BELKIN  241 
TABLE  III--Conduded 
No.  Father  Mother  Children 
s2§ 
$3§ 
s4§ 
55 
56 
57 
58 
59 
60 
61 
62 
63** 
64** 
66t~ 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82§§ 
83§§ 
84 
asl)[[ 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
AIMNRh~ 
AIMNRhl 
OMRh- 
ONRht 
A1NRh~ 
A~BMNRhI 
A~MNRhl 
BMRht 
A~BNRh- 
ONRh~Rh, 
A~MNRhl 
A,NRh,P.h~ 
A~MNRhiRh2 
OM'NRh- 
AiNRhxRhs 
OMNRht 
OMNRhx 
BNRh, 
AtMNRh, 
OMNRhlRh~ 
AtNRhtRhl 
AsBNRh- 
ONRhl 
AIM-NRh~ 
BMRh~ 
AzMNRhl 
AIMRh~ 
A~MNRh~ 
AIMNRh~Rhs 
OMNRhzRhs 
OMRh- 
OMRh- 
OMNRh~ 
OMRhlRhs 
OMRhlRhs 
OMNRh~ 
OMNRht 
OMNRhxRhs 
A1BMNRh, 
OMNRh2 
OMNRh~ 
A1M'NRhtRh~ 
A~dNRhi 
OMNRhxRht 
OMRhl 
OMNRh, 
ONRh 
A~, sMNRht 
OMNRh 
OMRh, 
AtMNRh~Rh, 
ONRh, 
OMNRh- 
ONRh~Rh, 
OMNRhl 
BMRhl 
A~MNRht 
OMNRhlRh~ 
BMRh~ 
OMNRhx 
QMRM 
OMRhx 
BMNRht 
ALMRht 
OMNRhl 
A~MNRh~ 
OMNRhIRh~ 
OMNRht 
OMNRh- 
ONRhl 
A~MNRh~Rh2 
OMRM 
OMRh- 
BMNRh~ 
A~MNRht 
A~NRh~Rh~ 
OMRh- 
OMRh~Rh~ 
A~MRh~Rh~ 
AIMRh- 
OMNRh' 
AIMNRh- 
A1MNRht 
OMRh- 
A2BMRh- 
AIBMNR.h- 
A,MNRh- 
OMNRh~ 
OMRh- 
OMNRh- 
A,BRh- 
A~BMNRh- 
A1MNRh 9  A1NRh  c~  OMNRh2o  a 
ONRhl 9  ONRh o  z  At, 2MNRhl 9  AIMRhl ~  OM2qRhi 9 
AtMNRhl 9  OMRht 9  AtNRht 9  At, 2MR.h  d ~ 
OMNRho  ~  OMNRh- 9  OMNRh-o  ~  OMNRh-o  ~ 
OMNRhlO  ~  OMNRht  Q  OM~Rhl  9  OMNRb.lo  ~  OMNR-hto  ~ 
OMNRhl  ~  OMNRhl  9  OMNRht  9  OMNRht  9  OMNRhl 9 
AINRhlRh2o  ~ 
A1MNRhlRh2 9  A1NRh- 9  AxNRhlo  z 
A2MRhlo  ~  A2MRhzo  ~  ONRhl 9  AzNRhlc~ 
OMNRh2 9  OMNRhl ~  BMNRhl ~  OMNRh2 
AvMNRh, 9  AINRh- 9  A2MNRhlo  ~  BMNRhlo  z 
BMNRhlo  z  BMNRhIRh2 
ONRhlo  z  A1MNRh, 
ONRh,Rh~o  ~  A2MNRhlRh2  o  z  OMNRhl ~ 
A2MRhl Q  BMRhlRh2 9 
OMNRhl 
OMNRhIRh2 ~  OMNRhIRh~ 9 
OMNRh- 9  OMNRhl 
BNRhlo  z  OMRhl 
OMNRhl ~  A~MNRh- 9  BMNRht 
AtMNRh,o  z  A1MNRhio  ~ 
A~NRh~  AIMNRhIRh, 
A~MNRhl 9  0MNRh~Rhso  ~  AIM'NRh~ 
BMNRh 
0MNRh~o  ~  OMNRh~o  ~  OMN'Rhx 
A~MNRhlo  ~  AIMNRh~Rhso  ~ 
OMRhlRhs ~  A~BMRht o  z 
OMRhxo  z  AtMRht 9 
OMRh~c~  AtMRhto  ~ 
A~NRh- 9  A~BMRh~o  a 
AtMNghxo  z  AxMNRhlo  a 
AtMNRhxRhi  ~  OMNRhxRh2 
OMRh- 9  OMRh- 9  OMRh-o  a  OMRh-o  a 
OMRh~o  a  OMRhxcP  OMRh~ 9 
OMRh, 
A1MILh, ~  AIMRh~o  a  A1MRht ~  A~MRh~o  a  A~MRht 
A~MRht o  ~  AtMIUa~o  a  AtMRht @  AtMRh,o  a  AtMRhto  a 
OMRh,  Q  OMNRhl  9  ORhxRhs# 
ONRh2 9 
A~MNRhm  ~ 
OMRh~o  z  OMNRhso  z 
AtBMNRh~o  ~ 
BMNRh~  9 
OMNRhl  o  ~  A~MNRh  9  OMNRh o  ~ 
A~MRh~ 
AsMNRhs 
ONRh2 
A~MRh~o  ~ 
A~MRh~ 
** Second child of family 63 is father of family 64.  Third  child of family 63 is mother  of family 65. 
~;:~ Families  66 to 81  are repeated  from  the  study  by  Wiener  and  Sonn  (1). 
§§ Third child of family 82 is father of family 83. 
[[[I Families 85 to 97 are  families  in which infants with erythroblastosis have occurred, and this material is 
discussed from the clinical standpoint  elsewhere  (Wiener, A. S., Am. J. Clin.  Path., in press).  For permission 
to include family 85, we are indebted to Dr. M.  G. Bohrod, who is presenting  this case in detail  in a  separate 
report. 242  HEREDITY  OF Rh  BLOOD TYPES 
~ll~h 2 parents belong to genotype RhlRh2 rather  than the  rarer  genotypes 
Rh'Rh2 and RhxRh"  (of. Table II).  In four families there were eight Rhl and 
eight Rh2 children and none of types RhlRh2, R_h-negative, or type Rh, in per- 
fect agreement with the theoretical expectancies. 
In the families in which one or both parents belong to type Rhl the types 
occurring among the  children  would depend upon the  genotype, of the  five 
possible  under  the  theory,  to  which  the  Rhl parents  belong.  For  example, 
TABLE IV 
Heredity of the Rh Blood Types in 97 Families 
Children of types 
No. of  Totals  Mating  families 
Neg.  Rhl  Rh2  .RhlRh:  Rh  Rh' 
Neg. X Neg.  2  9  0  0  0  0  0  9 
8  0  19  0  0  0  0  19 
Neg. X Rhl  7  13  17  0  0  0  0  30 
2  0  1  0  0  3  0  4 
Neg. X Rh~  6  1  0  7  0  0  0  8 
Neg. X RhlRh2  4  0  8  8  0  0  0  16 
Neg. XRh  1  3  0  0  0  1  0  4 
Neg. X P,h'  1  0  0  1  0  0  0  1 
9  0  30  0  0  0  0  30 
4  4  6  0  0  0  0  10 
Rhl X Rhl  2  0  9  0  0  4  0  13 
1  0  1  0  0  0  1  2 
P-h1 X Rh~  13  4  11  6  12  0  1  34 
Rhl X RhlRh~  21  0  30  6  22  0  0  58 
Rlh X P,h~  1  1  0  1  0  0  0  2 
Rh2 X RhlRh2  5  0  1  5  4  0  0  10 
Rh2 X Rh  2  0  0  1  0  4  0  5 
RhlRhs X RhiRh:  6  0  2  0  14  0  0  16 
RhlRh~ X Rh  1  0  0  1  0  0  0  1 
RhlR-h2 X  Rh'  1  0  1  1  1  0  0  3 
Totals.  97  35  136  37  53  12  2  275 
J 
in the mating negative X  Rhl, five different sorts of families would be expected~ 
of which three were actually encountered in our study.  In some families al 
the children belonged to type Rhl, indicating that the Rhl parent was probably 
homozygous, genotype RhlRhl.  In other families, some of  the children were 
Rh-negative and  the remainder  type Rhl, as would be expected  if  the type 
Rhl parent belonged  to genotype Rhlrh.  In still other families the children 
belonged either  to type Rh~ or type Rh, indicating the genotype of the Rhl 
parent to be Rh~Rh.  Apparently in none of  the families did the Rhl  parent 
belong  to  the  rarer  genotypes RhiRh'  or Rh'Rh.  The  mating Rhx  X  Rh~ 
can be analyzed in a similar manner to the mating negative X  Rh~. ALEXANDER  S.  WIENER~  EVE  B.  SONN~ AND  RUTH  B.  BELKIN  243 
The matings in which one or both parents belong to type RhlRh2 are of par- 
ticular interest because in such families none of the children should belong to 
type Rh or be Rh-negative.  Not a  single exception to this rule was encoun- 
tered in our family material.  In the mating Rhl X  RhlRh~ about half of the 
children  should  belong  to  type  Rhl,  and  there  were  actually  30  type  Rhl 
children  out of a  total of 58  children  tested.  Similarly,  the mating Rh~  X 
RhlRh2 yielded 5 type Rh2 children out of 10,  in excellent agreement with the 
expectancies.  In the mating RhiR-h2  X  Rh~Rh~, however,  an excessive num- 
ber of children of type RhlRh2 was encountered,  but this may well be  acci- 
dental considering the small size of the series. 
Further proof that the genes determining the various sorts of Rh agglutino- 
gens are allelic is the observation that in no family where one of the parents 
was Rh-negative did the children fall into more than two different Rh types. 
The data are necessarily limited with regard to the rarer types Rh  I and Rh  ~r. 
However, our scanty data  concerning type Rh  t support  the hypothesis  that 
the agglutinogen of such blood is determined by a  special gene, allelic to the 
other  Rh  genes.  For  example,  in  one  family  (not  included  in  Tables  III 
and IV because  the bloods had not been tested with anti-Rh2 serum) in whiCh 
both parents were type Rhl,  there were three children  of type Rhl and two 
children of type Rh  I.  These results can be explained by assuming that one 
of the parents belonged to genotype RhlRh ~, and  the other to genotype Rhlrh 
(or  less  likely  to  genotype  Rh~Rh ~ or RI~Rh').  In  still  another  case,  tests 
on the blood of the sister of a type Rh  '~ man revealed that she also belonged to 
type Rh". 
The results of the examination of blood of mothers and their children is of 
interest  because under  the  theory certain  combinations of types should  not 
occur.  In particular, a  type Rh~Rh2 mother should not have any children of 
type Rh  or  Rh-negative,  while  an  Rh-negative mother  or  one  of  type Rh 
should have no children of type RhlRh,.  No exception to this rule was en- 
countered in our family material (cf.  Table IV) or in a  series of 135mother- 
child combinations (cf. Tables V and VI). 
Family 55 of Table V is rather unusual and merits special discussion. 
The youngest child in this family is an infant who had had a hemolytic anemia at 
birth but failed  to respond satisfactorily to transfusion.  Mter 6 weeks,  the hemo- 
globin was still only 45 per cent, so the bloods of the mother and child were sent to 
us  for study.  The  mother's blood  belonged  to  type BMRh';  the  infant's  blood 
offered diificulties in examination because of the presence of transfused erythrocytes. 
It proved to consist  of a mixture of Rh  '  and Rh-negative blood,  indicating that the 
infant belonged  to Rh  ~, the Rh-negative blood having been derived from the trans- 
fusions.  The infant's blood sample also  proved to be a  mixture of group A1 and 
group O bloods, and with the M-N sera further evidence of the presence of a mixture 
of bloods was obtained.  Blood samples were then procured from the father and an 
older child, a boy 9 years of age.  The father was found to belong to type BMRhl, TABLE  V 
Mo~er-ChildComMnagons 
No.  Mother  Children 
1" 
2 
3* 
4 
5* 
6* 
7 
8 
9* 
10 
11" 
12 
13 
14 
15 
16 
17 
18 
19 
20~ 
21 
22* 
23 
24* 
25 
26 
27 
28* 
29 
30 
31 
32* 
33* 
34 
35 
36*§ 
37 
38* 
39 
40* 
41 
42* 
43* 
44 
45 
46 
47 
48 
49* 
50* 
51 
52 
33" 
54* 
55 
36 
57 
58* 
A~MNRh, 
A,MRht 
OMNRht 
OMNRh- 
ONRh- 
BNRh 
OMNKht 
OMNRh~ 
BNRht 
BMNRh~ 
AtMNRh~ 
OMNRh,Rh~ 
OMNRh- 
A1BMNRh~Rh* 
BMNRh~ 
OMRht 
AIMNRh~ 
A~BMRh~ 
A~NRht 
ONRh- 
~BMNRh~ 
AIMNRh 
OMNRh~Rh~ 
BNRh2 
OMNRh~ 
AvMNRh~ 
OMNRh- 
OMNRh 
BMNRhl 
AIMRh- 
OMl~hl 
BNRht 
OMNRh- 
A,MRht 
AxMNRhtRh~ 
OMNRhl 
0MNRh- 
OMNRh 
A~MNRht 
AtMNRht 
AtMNRht 
AINRh 
AxMRht 
AtMNRh~Rh~ 
BNRh~Rh~ 
BMRh~ 
A1BNRht 
A~MNRh2 
BNRh- 
BMRh~Rh, 
A,MNRht 
A~NP.hIRh~ 
A~MNRh 
OMNRh 
BMRh' 
A~MRh~ 
OMRh~ 
A,MRh~ 
A2MNRh 9 
BMNRhto  a  A1MNRhlRh2  ~  AIMNRhtP-,h2  9  BMRhtRh~ 
OMNRh 9 
A1MRht 9  OMNRh 
ONRhC 
BNRhl 9 
OMRht 9  OMNRh~ 
OMNRht 9  Arlq'IUat  o  z  AxMNRht ?  AtNRht 
AxBNRhx 
BIV~  RII  1Q  BMNRht 9 
AtMRh 9 
ONRhl ~  O1VINRhlo  ~  At, ~NIRhlo  ~  At, ~q'RhtRh2o  ~ 
AtMNRhx 
AtNRhtRhi 9  AxMRhxo  ~ 
OMNRhlC  ONRhlC 
OMRhto  a 
OMNKhto  z  AtMNRJatc~  AiMl~ht 
AtMRhC 
A~BMNRhto  ~ 
AxMNRh-c~  A1MNRh~ 
AIBMNRh-C 
A~BMRh~C  AIMRh: 9 
OMRh1Rh~ ~  ONRhlo  a  OMRht 
ONRh Q  OMNRhi 9  BNRhC 
ONRh~ 9 
A~BMRh2o z 
ONRhxC 
OMNRho ~ 
BMNRhl 
AIMNI~ht 
A1MNRhtRh2o  z 
BNRh 9  BMNRh C 
OMRh- 
OMRht 
A~NRhlRh2C 
AtMRhlRh2o  z  OMRhIRh~ 9  OMNRh 9  AiMRhtRht 
OM_NRhIRh2C  ONRhxRh*o  ~ 
OM_NRhtC  oMNRhl 
ONRh 9 
BMNRhl 9  AxBM-NRh-  o  z 
AIMNRhiC  AxMNRht 9 
"  orn~ga,e..  " 
A~NRhC 
OMRhto  z 
OMNRh~Rh* 9  ONRh~Rh~c  A1MNRht 9 
BMNRh~ 
OMRh, 
BMNRhto  ~  A~NRh~C 
OMNRh~C 
ONRh o  z  ONRh 9 
BMNRhto  z  BM.NRh~  cP  oM'NRhIRh: 9 
AtMNRhtC  AxMNRh-o  ~ 
A~MNRh~C  AtMNRh~  9  AtMNRh~  9 
A~MNRhC  AxMNRh~o  z  AtMRhC 
BMRho  ~ 
OMRh:C  AtMNRh' 
AIMRh~C  OMRh-C  OMRhxKh: 9  OMRh~Rh,C 
OMRh:C  OMRht 
OMNRhxC 
OMRh 9  A,MRh~ 9  AIMNRho  ~  A,  MRh~o~ 
* Negro families. 
Younger child in this family had erythroblastosis. 
§ The last two children of this family resulted from a  different father. 
II Identical  twins. 
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while the child belonged to type OMRh2.  These startling results indicated that the 
supposed father was not the father of either child, because with regard to the older 
child the Rh tests excluded him, while in the case of the infant he was excluded by 
the A-B-O tests.  When questioned, the mother stated that the older child was the 
result of a  former marriage, but she staunchly insisted her husband was the father 
of the newborn infant.  In any event, the child excluded by the Rh tests was defi- 
nitely not the child of her present husband, so that this case supports the multiple 
allele  theory of heredity of the Rh types. 
The validity  of the  six-gene  theory,  at  least  as  far  as  the  more  common 
variants  of the  Rh  factor are  concerned,  seems to be well established by our 
family studies.  Accordingly the medicolegal application of the tests in cases 
of disputed parentage is justified, provided that the proper active and specific 
reagents are available.  In fact, the senior author now performs tests for the 
TABLE VI 
Summary of Mother-Child Combinations 
'y~sofmo~ers 
~'eg. 
tht 
"hiRh~ 
,h' 
To~Is ..... 
No. of 
families 
11 
35 
14 
11 
9 
1 
Neg. 
Types  of children 
Rhl 
9 
38 
3 
13 
1 
0 
Rh~  RMRh2  Rh 
0  0  4 
0  11  6 
10  4  6 
2  8  0 
3  0  8 
1  0  0 
Rh' 
Totals 
15 
59 
24 
23 
12 
2 
135 
This table summarizes the data given in Tables V and VII. 
Rh blood types as routine  in all paternity  cases,  as  well as  the  usual  blood 
grouping, subgrouping, and M-N tests.  The results of 23 such examinations 
are listed in Table VII, and it will be seen that in one case the putative father 
was excluded by the  Rh  tests,  where  the other tests  were inconclusive.  In- 
cidentally,  this series is unusual in that it includes as many as three cases in 
which the man was directly excluded because he belonged to group AB and the 
child to group O. 
Our family material contains no exception to Bernstein's theory of heredity 
of the four blood groups.  In two families (Nos. 6 and 19) the results conflicted 
with the laws of heredity of the M-N types, but in both cases the contradiction 
involved the father and not the mother, indicating the children  to be illegiti- 
mate.  One of these cases has already been discussed,  because the child was 
excluded  by  the  Rh  tests  as  well  as  the  M-N  tests.  One  family  (No.  60) 
gave results  conflicting with  the four-gene  theory of inheritance  of the  sub- 246  HEREDITY 0]? Rh  BLOOD TYPES 
groups of A, because the father belonged to  subgroup  AtB while  two  of  the 
children belonged to  subgroup A~.  Since in  this  case also  the  exclusion di- 
rectly involves the father,  these two children are doubtless illegitimate.  In- 
cidentally, in two families  (Nos. 2 and 53)  the blood from the  group A  indi- 
TABLE VII 
Results of Tests in Cases of Disputed Parentage 
No. 
6 
7 
8* 
9 
10 
11 
12" 
13 
14 
15 
16 
17" 
18 
19 
20 
21 
22 
23* 
Putative fathers 
AxMNRh- 
A~MRht 
ONRh~ 
BNRhx 
AxMRhl 
OMRhx 
AIMRh~ 
OMRhx 
OMNRhx 
Mothers 
OMNRhx 
A2MRha 
OMNRht 
A~MRJax 
A~MNRh~ 
BMNRhl 
Children 
A~MNRht 9 
A~MNRh~ 
A~MNRh 
OMNRhx 
ONRhxRh~ 
A,MRlax 9 
AIMNRb.-o  ~ 
BMNRhl 9 
Interpretation 
Neither man excluded 
No exclusion 
Exclusion by Rh tests 
Neither man excluded 
No exclusion 
A1BMRhtRh~ 
OMNRh(atyp.) 
A~MRhx 
BMNRhtRhs 
OMNRht 
BMNRh 
A~BMNRh~Rh~ 
BMRhx 
AxBNRhl 
ONRh- 
BMNRhl 
BMNRhx 
ONRht 
A~NRla~ 
AIMRhx 
OMNRh~ 
AsBMNRhx 
OMRhlRla2 
BMNRh 
ONRhl 
OMNRh2 
BNRhl 
OMNRh 
OMRh2 
A1BMRhxRh2 
OMNRhs 
OMNRhxRh~ 
OMNRhs 
BMRh- 
AxMRh- 
BMNRhx 
A~NRhl 
ON'Rhx 
A~BMNRh~ 
OMRh2 9 
OMNRho  z 
AzMNRhl Q 
OMNRhxRh,  o  z 
BNRhl 9 
BMRh 
OMRhlRh~ 
A1MRhlRh2 9 
OMNRh2 9 
OMNRhl 9 
BMNRhl 9 
A1MNRhI~ 
A1MNRhl 9 
BMNRhlRh~ 9 
OMNRhlc? 
OMNRhl 9 
AxNRhl 9 
Exclusion by A-B-O  tests 
No exclusion 
Exclusion by A-B-O  tests 
No exclusion 
Exclusion by A-B-O tests 
No exclusion 
Exclusion by A-B-O  tests 
No exclusion 
* Colored. 
viduals gave weak and only partial clumping in the absorbed B  serum.  To 
indicate this such bloods were  designated  as A1.2.  Our findings  support  the 
theory that these intermediate bloods contain a  special, qualitatively  different 
A agglutinogen, determined by a  corresponding allelic gene (cf. Wiener (18)). 
Statistical Studies 
Aside from their anthropological importance, investigations on the distribu- 
tion of the Rh types in different races are useful as a  means of testjng the ge- ALEXANDER  S.  WIENER~  EVE  B.  SONN~  AND  RUTH  B.  BELKIN  247 
netic theory.  The results of such an analysis of our findings relative to the dis- 
tribution of the Rh blood types in white individuals and negroes in New York 
City  will  be  presented  here.  2 
From the distribution of the Rh blood  types, the  frequencies  of the  genes 
can be calculated with the aid of the following formulae:-- 
,k  =  o) 
Rk =  "h/Neg.-I- P,,h  -- "V/-N~'eg.  (2) 
Rk' =  %/Neg.  -b Rh'  -- ~  (3) 
=  X/Neg.  +  -  (4) 
Rkl-~  "h,/Neg.-bRh-bP-da,-l-l~h  '-  "V'~eg.-l-Rh-'V/Neg.-bR-h'-b'V/N-'~g.  (5) 
Rks =  ~¢/Neg. -k Rh -b Rh, q- Rh" -- %/Neg. -b Rh -- "V/Neg. -b Rh"+ ~¢/N---'~g.  (6) 
In Table VIII are given the distributions of the Rh blood types in two series 
of  white  individuals  and  two  series  of negroes,  together  with  the  gene  fre- 
TABLE VIII 
Distribution of the Rk Blood Types in Whites and Negroes 
Blood of 
8bites:  1  It  series 
2  nd series 
~Tegroes:  1 st series| 
2  nd  series§ 
P,h blood types  Gene frequencies 
fNumber 
263  ~Per cent 
fNumber 
359  [`Per cent 
~Number 
91  [,Per cent 
fNumber 
114  (Per cent 
35 
13.~ 
41 
11.4 
9 
10.( 
9 
8.C 
140  35  t4  8 
53.2  [3.3~16.7  3.0 
184  ~3  159  8 
51.2  [4.8i19.2  2.2 
i 
28  20  10  22 
31.1  22.2 11.1 24.4 
19  26  10  48 
16.8  ~3.0  8.8 42.5 
--  0.4 
3  1 
0.8 0.~ 
1  0 
1.10 
1  0 
0.90 
36.6  3.8 43.C  --~; 14.0 
33.8  3.242.9  1.2 16.2 
31.6 27.1 21.2  1.7 16.6 
28.2 42.810.C  1.~  14.7 
0.4 +2.2 
0.4 +2.3 
o  +1.8 
0  +2.8 
-4-1. 
:t:1. 
-4-1. 
:k0. 
* The symbol ~Rkl is used to represent  the sum of the gene frequencies. 
The first series of white bloods was not tested with standard anti-Rh serum, only with 
anti-Rh', anti-R_hl, and anti-Rh2, so that type Rh' bloods in this series were classed together 
with the type Rhl bloods. 
§ One blood in each of the two negro series gave atypical reactions.  These bloods were 
disregarded when calculating  the frequencies. 
quencies as calculated with the aid of formulae (1) to (6).  In all but one case 
(the second series of negroes) it will be seen that the deviation of the sum of the 
The  anthropological significance of the  results  will  be  discussed  in  a  separate 
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frequencies of the genes from unity or 100 per cent is less than three times the 
probable error of this deviation.  In computing the probable error of the de- 
viation, Bernstein's (20) formula for the blood groups was used: 
0.6745 42  uv  (7) 
-P.E.D  --  %/~  (1  --  u)(1  --  v) 
In this formula, the frequencies u and v stand for the frequencies of genes U 
and V as defined by equations (9) and (10) below, and N  represents the num- 
ber of individuals tested. 
The theory may also be tested by the chi square method.  For simplicity in 
applying the test, only the four classes, W, U, V, and UV as defined in Table 
I  will be taken into account.  These classes are entirely analogous to the four 
blood groups genetically as well as serologically, and may be considered to be 
transmitted by triple allelic genes, W, U, V, in which each of these three genes 
comprises two Rh genes as follows:-- 
W =  P~ +  rh  (8) 
U  --- gA +  P,~'  (9) 
V  --  R/~ -b Rk"  (10) 
The frequencies of the three genes can be calculated from the distribution of 
the four classes with the aid of the following formulae, derived by Bernstein 
(21) for the blood group genes:-- 
,,,, 
where D  =  w/W-~- V  -[- %/'W--I- U  -  w/W  -1,  and W, U, and V  are the 
class frequencies. 
In Table IX are listed the frequencies of the four classes in our two series of 
whites and negroes,  together with  the gene frequencies, u, ~, and w.  From 
the gene frequencies, the frequencies of the four classes can be recalculated 
with the aid of the following formulae (22) :-- 
W -= w ~  (14) 
U  --  u *  -I- 2uw  (1,5) 
V =  ~s -t- 2~v  (16) 
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These estimated frequencies of the four classes are then compared with  the 
actually observed values by the chi square method, using the usual formula :-- 
x ~ ffi  ~  (x  -  x0)'  (18) 
~0 
where x0 is the  expected number of individuals in the class and x is the ob- 
served number,  the summation being carried out to include all four classes. 
From the value of chi square, taking the number of degrees of freedom n  = 
1,  the value of P  (the probability of obtaining a  value of X  ~ as large as that 
observed, through chance alone) can be obtained by consulting tables of chi 
TABLE  IX 
Sta~tic~ Test~the M~tiple-AlldeTheory 
Blood of 
Whites:  I et  series 
2  nd series 
Totals 
Negroes: 1 at  series 
2  nd series 
fNumber 
~Per cent 
"Number 
~Per cent 
Number 
~Pcr cent 
'Number 
Per cent 
"Number 
Per cent 
W 
Obs.  [Exp. 
43  39.8 
16.4  15.1 
49  44.9 
13.7  12.5 
92  85.~ 
15.(  13,~ 
31  29.~ 
34.4  32.~ 
57  53.3] 
50.4  47.2 
Classes 
V 
Obs. Exp. Obs. Exp 
140  144.5  36  40.6 
53.2  54.9  13.7  15.4 
187  192.3  54  60.0 
52.1  53.6  15.0  16.7 
327  336.8  90  100.3 
52.71  54.2  14.3  16.1 
29  30.6  20  21.7 
32.2  34.8  22.2  24.2 
20  24.2  26  30.1 
17.7  21.4  23.0  26.6 
UV 
Obs. Exp. 
44  38.6 
16.7  14.6 
69  61.C 
19.2  17.~ 
i 
113  98.~ 
18.0  15.~ 
10  8.0 
11.1  8.9 
10  5.5 
8.9  4.9 
Gene frequencies 
X  2 
44.7  16.4  38.9  1.67 
45.9  18.7  35.4  2.01 
45.3  17.5  37.2  3.~2 
24.51 18.~  57.3 0.79 
14.1  17.2:  68.)  5.22 
/, 
0.19 
0.13 
0.05 
0.39 
0.02, 
square.  As can be seen from Table IX the agreement between the observed 
and  expected values  was  satisfactory except in  two  cases.  While  the  dis- 
crepancies between observation and expectation by the chi square method and 
by using the Bernstein blood group formulae ran parallel, the agreement by the 
latter  method  was  consistently  better.  This  difference  between  the  two 
methods has also been noticed by Cotterman (23), who believes that one or both 
of the formulae used must therefore be slightly in error. 
On  the whole, the  statistical  data support  the  theory of six allelic genes. 
The only disturbing  finding is  the  observation that  the  deviations between 
the  expected and  observed values in all  the series were always in  the same 
direction,  whereas  if  the  differences were purely accidental  half  should  be 
positive and half negative.  Of course, this may merely be a  coincidence as 
only four  series  were  tested.  However, if further  studies  reveal the  same 
phenomenon, and our feeling is that they may, one will have to consider either 250  HEREDITY  OF Rh BLOOD  TYPES 
the presence of some bias created by special difficulties in technique or some 
complication in the mechanism of heredity. 
In our opinion the answer to this problem is provided by the technical diffi- 
culties.  For one thing, there exist occasional bloods giving only weak clump- 
ing in the antisera, in contrast to the vast majority of bloods which consistently 
either gave strong reactions or did not show any trace of agglutination.  Since 
it was not feasible in most cases  to do the tests more than a  single time, a 
few of these weakly positive bloods may have been classified as negative.  A 
more serious difficulty was the fact that our anti-Rhl and anti-Rh~ sera were 
prepared from anti-Rh' and anti-RaY'  sera by simple dilution.  The standard 
anti-Rh agglutinin present in these sera was not removed by absorption, be- 
muse it was felt that the dilution was sufficient to prevent its action.  How- 
ever, occasionally, when the conditions were favorable, the traces of anti-Rh 
agglutinin remaining might have brought about distinct clumping which was 
ascribed  to  the anti-Rhl or anti-Rh2 agglutinin, respectively.  Accordingly, 
a slightly excessive number of bloods may have been classified as type RhiRh~ 
and this would account for the bias in our results. 
With regard to the use of anti-rhesus guinea pig sera, Fisk and Foord (10) 
have shown that such sera have the limitation that, though suitable for typing 
blood of adults and older children, they strongly clump all bloods from fetuses 
and newborn  infants, whether  Rh-positive  or  P,h-negative.  We  have  cor- 
roborated this observation and believe it is due to the presence in the anti- 
rhesus sera of a special agglutinin for an agglutinogen shared by the blood of 
all fetuses and newborn but absent from the blood of older children and adults. 
In support of this idea may be cited some unpublished observations by Land- 
steiner and Wiener in which it was found that anti-rhesus guinea pig sera ab- 
sorbed with Rh-nega~ive infant's blood could be used for typing the blood of 
infants.  In the present study, as has already been mentioned, human P,h 
antisera were employed as routine and therefore no difficulty was encountered 
when typing the bloods of infants included in our family material. 
Since blood of type R_h is agglutinated only by standard anti-Rh sera, not by 
anti-Rh~ and anti-Rh~ sera, one might consider this as evidence that the ag- 
glutinogen in this type of blood is more closely related to the agglutinogen in 
rhesus blood  than the Rhl or Rh~ agglutinogen.  However, we found in titra- 
tion  experiments that anti-rhesus guinea pig sera, as well as human  standard 
anti-Rh sera, agglutinate bloods of types Rh,  Rh~, Rh~, and Rh~Rh2  about 
equally,  which would not be  expected if any one of these types  was more 
closely related to rhesus blood than the others. 
With regard to the linkage relations of the Rh genes, our family material 
provides further evidence that these genes are transmitted independently of 
sex, the A-B-O genes, and the M-N genes.  Accordingly, the Rh blood types 
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COMM'ENT 
Aside from the theoretical significance of the existence of the Rh blood types, 
these are important in relation to the application of the Rh  test in  clinical 
medicine.  Firstly, they explain the hitherto puzzling differences in  the hu- 
man  Rh  antisera.  For routine diagnostic work, the  standard  anti-Rh  sera, 
giving 85  per cent positive reactions are  to be preferred, because such sera 
react with about equal intensity with bloods of types Rhl and  Rh2.  With 
such sera, moreover, the bloods of individuals belonging to the rare types Rh' 
and Rh" would not react, which is an advantage because it has been found 
that individuals of type Rh' and probably also P,h" can be sensitized to the 
Rh  factor  (24).  In  such  instances  transfusion  with  Rh-negative blood has 
the same rationale as the use of group O blood for individuals of groups A, 
B, and AB in ordinary cases in which intragroup sensitization does not exist. 
For example, an Rh' individual sensitized against the Rh factor may be given 
either type Rh' or Rh-negative blood, just as a  group A  individual may be 
given group A or group O blood.  For classifying blood donors, on  the other 
hand,  the  standard  anti-R_h  sera  are  not  quite  as  satisfactory,  because an 
R_h-negative  individual sensitized to the factor Rhl for example, might have a 
hemolytic reaction if given type Rh'  blood. 
The diagnostic human anti-Rh sera most commonly available  are not the 
standard anti-Rh  but anti-Rh'  sera.  Such sera  frequently have the failing 
that they react less intensely with bloods of type Rh2 than with bloods of type 
Rhl, for the reason that the standard anti-Rh agglutinin which they contain 
is  considerably weaker  than  the anti-Rhl  agglutinin.  When  such  sera  are 
used  it  is  important  to  include as  controls  Rh-positive blood of  type Rh2 
as well as blood of type Rhl, and if necessary the reactions may be accentuated 
with the aid of brief centrifugation. 
The determination of the Rh type of the father of an erythroblastotic baby 
will often make possible a more definite statement as to the prognosis of future 
pregnancies.  If the father belongs to type Rh~Rh, all the children must be 
Rh-positive, half Rh~ and half Rh2 (in the usual case), so that the prospect of 
the  sensitized  mother bearing normal infants  with  this father  is  extremely 
remote.  Furthermore, if it should become feasible to develop a  method of 
preventing the disease by injecting Rh haptens into the mother or fetus, then 
it might be important to know the Rh type of the father, since this will deter- 
mine the Rh antigens to which the mother is sensitive.  One could conceive 
of the use in such cases of either a  specific hapten or a polyvalent mixture of 
haptens.  In the same way, from the Rh  type of the husband or child one 
could predict the quality of the Rh agglutinins which may be present in the 
sensitized mother's  serum.  In  this  way much  time would be saved in  the 
process of standardizing new antisera obtained from mothers of erythroblas- 
totic babies. 252  HEREDITY  OF  R.h  BLOOD  TYPES 
Based on the findings presented in this paper, the medicolegal application of 
the Rh  tests in cases of disputed parentage appears justified.  The striking 
differences in distribution of the Rh blood types in different races may find 
practical application in anthropology.  To the geneticist the Rh blood  types 
are  of interest because they furnish another striking example of  Mendelian 
inheritance in man, and these properties serve to mark another pair of chromo- 
somes for linkage studies. 
SUMMARY 
Data  are presented concerning the Rh  blood types in 97  families with  275 
children and in  135 mother-child combinations.  The results obtained are in 
complete agreement with the theory of six allelic genes.  When the theory is 
tested by applying  the  chi square and  gene frequency methods  to  data  on 
the distribution of the Rh types in the population, the agreement is also saris- 
factory. 
The practical implications of the findings are discussed. 
The authors are indebted to Dr. Benjamin Kramer, Chief Pediatrician, and to Miss 
Mary Magezis, Director of the Out-Patient Department, of the Jewish  Hospital of 
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